A Gram-stain-positive, facultatively aerobic, spore-forming, oxidase-positive, catalase-and DNase-negative, rod-shaped and motile bacterial strain, AR23208
Vulture are scavengers that only rarely attack healthy animals and consume the carcasses of dead animals. These birds provide a hygienic service by disposing of such carcasses and help to maintain a stable ecosystem [1] . Although vultures scavenge carcasses that may harbour various infectious pathogens, they digest the infected carcasses with no adverse effects to themselves because of their highly acidic stomach environment and specialized immunological defences [2] . Considering their specialized enteric system, the gut microbiome of vultures might play a role in defending the host against invading pathogens and promoting the efficiency of carrion (food) digestion. Several studies of the vulture microbiome have investigated the pathogens present in the intestinal microflora [3] and provided a comparison of the hind gut microbiomes of New World vulture species [4] . However, the interactions between the gut microbiota of vultures and the digestion of carrion or host physiology remain unclear. Herein, the bacterial composition of a faecal sample of a cinereous vulture (Aegypius monachus) was investigated in a culture-dependent manner as part of a gut microbiome study.
The genus Tumebacillus, belonging to the family Alicyclobacillaceae, was first established by Steven [5] . At the time of writing, seven species with validated names are included in the genus Tumebacillus: T. permanentifrigoris [5] , T. ginsengisoli [6] , T. flagellatus [7] , T. algifaecis [8] , T. luteolus [9] , T. lipolyticus [10] and T. soli [11] . Members of the genus Tumebacillus are Gram-stain-positive, spore-forming and motile or non-motile rod-shaped bacteria. They have been isolated from diverse environmental habitats, including arctic permafrost [5] , soil samples [6, 9, 11] , cassava wastewater [7] , decomposing algal scum [8] and river water [10] . In the current study, we present the taxonomic characterization and classification of strain AR23208
T based on phylogenetic, chemotaxonomic, phenotypic, biochemical and genotypic analyses.
To investigate the bacterial members of the gut microbiota of the cinereous vulture, a faecal sample was collected on 07 November 2014 at Seoul Grand Park Zoo (37 25¢ 22 † N 127 01¢ 17.8 † E), Republic of Korea. The faecal sample was diluted in filtered PBS and used to inoculate Lactobacilli MRS agar (MRSA; Difco), marine agar (MA; Difco), MacConkey agar (Mac; BBL), R2A agar (Difco) and tryptic soy agar (TSA; Bacto) using the standard serial dilution plating method. The inoculated agar plates were then incubated at 20 and 37 C. Consequently, 126 isolates were selected and streaked onto fresh medium, at least in triplicate, to obtain pure cultures, and preserved at À80 C in a broth containing 40 % (v/v) glycerol. The 16S rRNA gene sequences of the obtained pure isolates were amplified using colony PCR with a PCR pre-mix (iNtRON biotechnology) and two universal bacterium-specific primers, 8F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-GGYTACCTTGTTACGACTT-3¢) [12] . The reaction mixtures were analysed using an automated system (PRISM 3730 DNA analyser; Applied Biosystems). The sequenced 16S rRNA gene fragment data were assembled using the SeqMan program (DNASTAR). The nearly complete 16S rRNA gene sequence was compared with those of other bacteria deposited on the EzTaxon-e server [13] . Of these, the 16S rRNA gene sequence of strain AR23208
T , growing at 37 C on R2A agar, comprised 1549 nt and shared 98.2 % similarity with a corresponding sequence from T. algifaecis THMBR28 T . [14] , the 16S rRNA gene sequences of the isolate and related species were aligned. Next, phylogenetic trees were reconstructed using the neighbour-joining (NJ) [15] , maximum-parsimony (MP) [16] and maximum-likelihood (ML) [17] algorithms based on 1000 bootstrap replications in MEGA version 7 [18] . The phylogenetic consensus tree suggested that strain AR23208
T was closely related to the type strains of T. algifaecis and T. lipolyticus, members of a phylogenetic clade within the genus Tumebacillus (Fig. 1 [19] was used to evaluate spore formation. Light microscopy (using an ECLIPSE 50i light microscope; Nikon) was used to determine cell morphology. Transmission electron microscopy (LIBRA 120; Zeiss) was used to determine flagellation and detailed cellular morphology. Anaerobic growth was examined in an anaerobic chamber under an atmosphere of N 2 (90 %), H 2 (5 %) and CO 2 (5 %) on R2A agar for 7 days. Semi-solid R2A medium containing 0.4 % agar [20] was used to determine cell motility. To determine the optimal growth conditions of strain AR23208
T , growth tests were performed at various temperatures, pH values and salinity levels. The growth temperature range was observed at 4, 10, 15, 20, 25, 30, 37, 45, 55 and 65 C in R2A broth (MBcell). Growth tests to determine the pH and salinity ranges were then performed at the confirmed optimal temperature. The growth salinity range was observed in NaCl-free laboratorymade R2A broth supplemented with 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 % (w/v) NaCl. The growth pH range was observed in R2A broth adjusted to pH 4, 5 and 6, buffered with MES; pH 7, 8 and 9, buffered with TAPS; and pH 10 and 11, buffered with Na 2 HPO 4 . To confirm the degree of bacterial growth under each condition, culture turbidity was measured by using the optical density value at 600 nm using a spectrophotometer (SYNERGY MX; BioTek) after 24 h, 48 h and 7 d of incubation. Consequently, strain AR23208 T was determined to be a Gram-stain-positive, spore-forming, facultatively aerobic, rod-shaped and motile bacterium (Figs S1 and S2, available in the online version of this article). The strain exhibited optimal growth at [25] [26] [27] [28] [29] [30] C, at pH 7 and in the absence of NaCl.
To confirm the biochemical characteristics of strain AR23208
T and of the two closest related reference strains, their enzymatic activities were determined using API 20NE and API ZYM test strips (bioM erieux). Catalase activity was determined by monitoring bubble production in 3 % (v/v) hydrogen peroxide solution (Green Pharmaceutical). Oxidase activity was determined using 1 % (w/v) tetramethyl-pphenylenediamine oxidase reagent (bioM erieux). Hydrolysis of DNA was tested on DNase test agar (BBL) by monitoring the formation of a clear zone around the bacterial colony after the addition of a hydrochloric acid solution. Acid production from carbohydrates was determined using the API 50CH system. Hydrolysis of Tweens 20, 40, 60 and 80 was tested as described by Goszczynska and Serfontein [21] . Hydrolysis of starch, casein and carboxymethyl cellulose (CM-cellulose) was tested as described by Lanyi [22] . The Voges-Proskauer (VP) test was performed by adding 5 % anaphthol and a 40 % potassium hydroxide solution to MR-VP broth (Difco) after incubation. The methyl red test was performed by adding methyl red reagent to MR-VP broth after incubation. All tests were performed at 30 C and recorded after 24 and 48 h of incubation. In API 20NE tests, all strains were positive for indole production from L-tryptophan and hydrolysis of gelatin. In API ZYM tests, all strains exhibited esterase (C4), esterase lipase (C8), acid phosphatase and naphthol-AS-BI-phosphohydrolase activity. In API 50CH tests, all strains produced acid from aesculin and 5-ketogluconate. In particular, strain AR23208 T additionally produced acid from ribose and N-acetyl-glucosamine. The detailed biochemical characteristics of strain AR23208
T and of the two reference species are summarized in Table 1 .
For chemotaxonomic analyses, the cellular fatty acids, isoprenoid quinones, cell wall sugars and peptidoglycan were extracted from cell biomass of strain AR23208
T and the two reference species harvested from R2A agar after 48 h incubation under optimal growth conditions. The cellular fatty acids were determined following the Sherlock Microbial Identification System operating manual, version 4.5 [23] . The extracted fatty acids were analysed by GC (HP Agilent 6890 GC System; Hewlett Packard) and identified using the Microbial Identification software package (Sherlock version 6.2) based on the TSBA6 library. The predominant fatty acid components (>10 %) of strain AR23208
T were iso-C 15 : 0 (46.5 %), summed feature 4 (anteiso-C 17 : 1 B and/or iso-C 17 : 1 I, 11.7 %) and anteiso-C 15 : 0 (11.1 %) ( Table 2) . Strain AR23208
T and the two reference species had iso-C 15 : 0 as the most predominant fatty acid component. Strain
AR23208
T and T. algifaecis NBRC 108765 T had a similar composition with summed feature 4 as the second dominant fatty acid, whereas T. lipolyticus KCTC 32289
T did not. The isoprenoid quinone was extracted from freeze-dried cell biomass incubated in the dark. The extracted isoprenoid quinone was determined as described by Collins and Jones [24] , using a Finnigan Surveyor HPLC device (Thermo Scientific) with Thermo ODS HYPERSIL (250Â4.6 mm) column [25] . The quinone of strain AR23208
T was menaquinone-7 (MK-7), which matched those of the two reference strains.
The polar lipids were extracted as described by Xin [26] and the data were compared with the total polar lipid data of the two reference strains [8, 10] . The solution used for development in the first dimension was a chloroform/methanol/ water mixture (65 : 24 : 4, by vol.); the solution for development in the second dimension was a chloroform/acetic acid/methanol/water mixture (80 : 15 : 12 : 4, by vol.). The polar lipids were separated by two-dimensional TLC on a silica gel 60 F 254 plate (Merck) and the spots were then visualized by spraying with the following detection reagents [27] : 5 % (v/v) ethanolic molybdophosphoric acid (SigmaAldrich) reagent, for determination of total lipids; ninhydrin reagent, for amino lipids (ALs); a-naphthol reagent, for glycolipids (GLs); and Zinzade reagent, for phospholipids (PLs). Phospholipid components were separated with
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Alicyclobacillus pomorum 3A T (AB089840) phospholipid standards [phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylcholine (PC) and phosphatidylserine (PS)] (Sigma-Aldrich) by one-dimensional TLC on a silica gel 60 F 254 plate and using a chloroform/acetic acid/methanol/ water mixture (50 : 6 : 6 : 1, by vol.). The polar lipids of strain AR23208 T were phosphatidylethanolamine (PE), phosphatidylmonomethylethanolamine (PME), phosphatidylglycerol (PG), six unidentified phospholipids (PLs), an unidentified aminophospholipid (APL) and ten unidentified lipids (Ls) (Fig. S3) .
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The sugars of the cell wall peptidoglycan were extracted from the cell biomass following the methods described by Schleifer and Kandler [28] . The sugars extracted from the peptidoglycan and standard sugars (arabinose, galactose, glucose, mannose, rhamnose, ribose and xylose) (Sigma-Aldrich) were separated on a cellulose TLC plate (Merck) by developing twice with an ethyl acetate/pyridine/water mixture (100 : 35 : 25, by vol.). Aniline-phthalate reagent was sprayed onto the cellulose TLC plate to detect the sugars. The amino acids of the cell wall peptidoglycan were extracted from the same biomass using the method described by Bousfield [29] . The extracted peptidoglycan amino acids were spotted on a cellulose TLC plate with standard amino acids (L-alanine, aspartic acid, meso-diaminopimelic acid, DL-diaminopimelic acid, LL-diaminopimelic acid, L-glutamic acid, glycine, L-lysine, L-threonine, L-ornithine and g-aminobutyric acid) (SigmaAldrich). The analysis revealed that, in strain AR23208 T , ribose and arabinose existed in the peptidoglycan, with L-alanine, aspartic acid, meso-diaminopimelic acid, L-glutamic acid, glycine and L-lysine as the peptidoglycan amino acids (Figs S4 and S5 ).
Genomic DNAs of strain AR23208
T and T. algifaecis NBRC 108765 T were extracted according to the method described for the MG Genomic DNA purification kit (Macrogen). The concentration of the extracted genomic DNA was determined using a NanoDrop spectrophotometer (Thermo Scientific) and Qubit fluorometer (Life Technology). For PacBio RS sequencing, 8 µg of the input genomic DNA was used for preparation of a 20 kb library. The total 10 µl library was prepared using the PacBio DNA Template Prep Kit 1.0. SMRTbell templates were then annealed using PacBio DNA/Polymerase Binding Kit P6. The PacBio DNA Sequencing Kit 4.0 and eight SMRT cells (Pacific Biosciences) were used for sequencing. Using C4 chemistry, 240 min movies were captured for each SMRT cell using the PacBio RS II (Pacific Biosciences) sequencing platform at Macrogen (Korea). Consequently, the complete sequence of the T . All data were from the current study unless indicated otherwise (*, †). All strains were Gram-stain-positive and spore-forming, and positive for gelatin and casein hydrolysis and indole production. All strains exhibited oxidase, esterase (C4), esterase lipase (C8), acid phosphatase and naphthol-AS-BI-phosphohydrolase activity. All strains were negative in the VP test and methyl red test; for hydrolysis of starch, cellulose, urea, aesculin, and Tweens 20, 40, 60 and 80; for hydrolysis of arginine; and for fermentation of D-glucose. All strains fermented aesculin and 5-ketogluconate. +, Positive; -, negative. R2A, R2A agar; TSA, tryptic soy agar (HiMedia); NA, nutrient agar (HiMedia). T harboured additional plasmid chromosomes. The genomic DNA G+C contents of strain AR23208 T and T. algifaecis NBRC 108765 T were 56.0 and 53.0 mol%, respectively. The total lengths of their circular genomes were 5 249 768 and 4 516 965 bp, respectively. The sequencing depth of genome coverage was 167Â and 215Â, respectively. The N50 values of the finally assembled genomes were same as their total genome length. If genome sequences are available, the overall genome related index (OGRI) should be used to check the genomic relatedness between genome sequences of the type strain of a species [30] . Therefore, the average nucleotide identity (ANI) and digital DNA-DNA hybridization (dDDH) value, belonging to the OGRI, were calculated by using the ANI calculator based on the OrthoANI algorithm [31] available at the EzTaxon-e server and using the genome-to-genome distance calculator 2.1 (GGDC; DSMZ) based on a generalized linear model (GLM), respectively. The calculated OrthoANI value between strain AR23208 T and T. algifaecis NBRC 108765
T was 80.4 %. A 95 % ANI value corresponds to the recommended cut-off value of 70 % DNA-DNA hybridization for species demarcation [32] . The calculated dDDH value was 24.2 % (21.9-26.7 %, model-based confidence interval), according to the recommended formula (identities/high-scoring segment pair). In addition, the predicted probability that DDH was greater than 70 % (DDH>70 %) was 0.01 % according to the logistic regression, a particular type of GLM.
On the basis of the phylogenetic, phenotypic, biochemical, chemotaxonomic and genotypic characteristics presented, it is suggested that strain AR23208
T represents a novel species belonging to the genus Tumebacillus, for which the name Tumebacillus avium sp. nov. is proposed.
DESCRIPTION OF TUMEBACILLUS AVIUM SP. NOV.
Tumebacillus avium sp. nov. (a¢vi.um. L. gen. pl. n. avium of birds).
Gram-stain-positive, facultatively aerobic, spore-forming, oxidase-positive, catalase-and DNase-negative, rod-shaped and motile bacterium. Growth occurs optimally at [25] [26] [27] [28] [29] [30] C, at pH 7 and in the absence of NaCl. Colonies are circular, smooth and white following incubation for 2 days at 30 C on R2A agar. Produces indole, hydrolyses gelatin, and ferments ribose, N-acetyl-glucosamine, aesculin and 5-ketogluconate. Additionally, exhibits esterase (C4), esterase lipase (C8), acid phosphatase and naphthol-AS-BI-phosphohydrolase activities. Negative in the VP and methyl red tests and is also negative for hydrolysis of starch, cellulose, and Tweens 20, 40, 60 and 80. The predominant fatty acids (>10 %) are iso-C 15 : 0 , summed feature 4 (anteiso-C 17 : 1 B and/or iso-C 17 : 1 I) and anteiso-C 15 : 0 ; the predominant menaquinone is MK-7. The polar lipids are composed of phosphatidylethanolamine, phosphatidylmonomethylethanolamine, phosphatidylglycerol, six unidentified phospholipids, an unidentified aminophospholipid and ten unidentified lipids. The sugar components of the cell wall are ribose and arabinose and the amino acids of the cell wall peptidoglycan are L-alanine, aspartic acid, meso-diaminopimelic acid, L-glutamic acid, glycine and L-lysine.
The type strain, AR23208
T (=KCTC 33929 T =JCM 32188 T ), was isolated from the gut of a cinereous vulture, Aegypius monachus, in Seoul Grand Park Zoo, Republic of Korea. The genomic DNA G+C content of the type strain is 56.0 mol%. 
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